Abstract-Previous studies have shown that changes in human emotions or public opinions can have an impact on volatility of stock market. In this paper, we make use of the unstructured comments data from the stock forum on the Shanghai Composite Index to generate the structural emotion time series of the stock market based on a series of methods including word segmentation, feature extraction, machine learning and modeling techniques. Then, we analyze the relationship between the stock price changes and the emotional index. From the results, it can be seen that stock emotional index has strong interaction with volatility of stock market. Therefore, the emotion index changes may be used as a tool for future stock market trend prediction.
INTRODUCTION
Despite the continuous improvement and perfection of the world financial condition, the stock market in the process of development is still slow and sometimes even violent shocks. How to accurately predict the trends of stock prices has been a topic of concern for a number of financial scientists all over the world. Based on the effective market hypothesis put forward by Eugene Fama, many scholars have devoted a lot of efforts into the stock price prediction by using the important information of stock market [1] [2] . These important information, including reports on corporate news and asset evaluation, have a strong influence on investors' stock-operation decisions and even the people who have little knowledge about stock markets.
However, recent research studies in behavioral finance have shown that stock price is not only determined by the intrinsic value of the company, but also to a large extent by the impact of investor behavior, that is, psychology and behavior of investors have a significant impact on the stock market price decision and change [3] [4] . Many foreign scholars have done a multitude of researches on this idea and found a series of conclusions. Johan Bollen concluded that the public sentiment in Twitter can improve the accuracy of the Dow Jones Industrial Average (DJIA), which can be increased from 73.3% to 87.6% [5] . Based on the emotional words, Zhang Xue, Massachusetts Institute of Technology, has labeled Twitter as positive or negative emotions. Results showed that no matter Twitter is the "hope" positive emotions or "worry" negative emotions, the proportion of the emotions in the total number of Twitter indicate that the decline in Dow Jones Industrial Average (DJIA), standard & Poor's 500 index and NASDAQ index. Therefore, researchers infer that regardless of hope or worry, the sudden outbreak of emotions can be reflected in the variability of the stock market [6] . Two scholars, Munich University of Technology, carry out a more detailed analysis on Twitter. They screened the companies' Twitter about standard & Poor's 100 index, and the Twitter are divided into three categories including "buy", "hold" and "sell". At the same time, they calculated the ups and downs of each stock by the categories. Finally, it has found that there is a close relationship between the total number of Twitter, the volume of transactions, the ups and downs of each stock and the standard & Poor's 100 index [7] .
Most of previous studies are based on information extracted from Twitter. While users of Twitter are located in around the world, about half of the active users are located in the US, Japan, Indonesia, the UK and Brazil [8] . In order to discover the relationship between sentiment of investors and the stock market in China, we will use statistical analysis and machine learning to find the relationship between sentiment of investors in Chinese stock market comments and the stock price in Chinese stock market.
II. RESULTS
For the financial industry, investors have obtained a variety of valuable information related to stock market via the Internet. At present, a large number of previous studies have shown that the stock comment information from Twitter reflect that the emotion and volatility of the stock market has a very close interaction relation [9] . However, there are few studies focusing on the Chinese stock market. Therefore, it is desired that whether the similar interaction exists between emotion and the volatility of Chinese stock market. Actually, there are four stock exchanges in China: the Shanghai stock exchange, the Shenzhen stock exchange, the Hong Kong stock exchange and the Taiwan stock exchange. Among them, the Shanghai stock exchange is the largest stock exchange in mainland China. In the meanwhile, Chinese stock market has experienced a huge crash in 2015. Therefore, in this paper, we select a stock from Shanghai stock exchange to explore interaction between the emotion and volatility of the stock market. Web crawler technology is used to obtain stock comment information before and after this crash. Then vocabularies which can reflect the mood of investors are obtained before and after this crash by the word segmentation tool. Finally, according to the frequency of emergence of emotional vocabularies, we depict the emotional word cloud before and after this crash in fig.1 .
Before the crash, fig.1(a) shows that the attitude of investors is pessimistic to stock market and lots of pessimism words appear in comment information, for example: "
". The cause of this phenomenon is that the stock rise slowly while the stock is not fall. However, after the crash, fig.1(b) shows that the attitude of investors is worry to stock market and lots of encouragement words appear in stock comment information, for example: " ", " ". Although the attitude of investors is still pessimism when the stock falling, investors are filled with hope and encouragement. By comparing the word cloud of the stock before this crash with that after this crash, it is seen that it has an interaction relation between the emotion in the stock comment information and the volatility of stock market. Consequently, we can infer that the emotion in stock comment information may indirectly affect volatility of the stock market.
In order to further show the interaction relationship between emotion in stock comment information and the volatility of stock market, more stock comment information is needed. The Shanghai Securities Composite Index (referred to as: The Shanghai Composite Index) contains all the listed shares including A shares and B shares and reflects the Shanghai stock exchange listed stock price changes. It is suitable for the analysis research. We obtain the stock comment information about the Shanghai Composite Index from stock forums during July 2016 to December 2016, including the titles and contents. Because the stock comment information obtained from stock forums are unstructured data, we carry out Chinese word segmentation based on Hidden Markov Model [10] and count the number of positive and negative words respectively every day. Then, the number of emotional words, including positive words and negative words, is divided into 25 weeks and we compare the number of positive vocabularies with the number of negative vocabularies weekly. In fig.2 , it is found that the number of positive words is more than 13 weeks for negative words, in turn, the number of negative words is more than 12 weeks for positive words. According to compare the number of positive words with the number of negative words, we can indirectly reflect the vagaries of investors' emotion, and it is the similar phenomena in the vagaries of the stock market. In order to further analyze the distribution of the number of the emotional vocabularies, the number of emotional vocabularies is grouped in days and we count the probability density of the number of positive vocabularies and negative vocabularies. In fig.3 , it is found that the frequency of position words reaches peak value around 1000 and the frequency of negative words reaches peak value around 600. In other words, the number of positive words is about onesixth of the number of negative words. Consequently, investors are still not optimism about the stock market. After the actual analysis and demonstration: *0.531 P N (1) where N is the number of negative words and P is the number of positive words.
In order to eliminate the error caused by the dimension, we introduce a variable: 0.531 which make the following time series of the emotional index more objective and authentic.
Next, we translate the unstructured stock comment information into a time series of emotional index. First of all, we calculate the closing price change about Shanghai Composite Index during July 2016 to December 2016 as:
where Pi(t) stands for the closing price i in day t. Then, we obtain a time series of closing price change. Since different time series have varied levels of standard deviation, we normalize the time series of the closing price change as:
where 2 2 V V is the standard deviation of ( ) V t and V is an average over the period studied. Then, we translate the unstructured stock comment information into the time series of the emotional index in the stock comment information. The emotional analysis formula is as follows: where μt is an emotional index of titles about the Shanghai Composite Index in day t; γt is an emotional index of contents about the Shanghai Composite Index in day t; L1 is the number of the positive words after word segmentation; L2 is the number of the negative words after word segmentation; Kt is the number of the titles or contents about the Shanghai Composite Index in day t; α is the score of positive words about Shanghai Composite Index; β is the score of negative words about Shanghai Composite Index; λ is defined in (2); Nt is the total number of titles or contents about the Shanghai Composite Index in day t.
After that the time series of emotional index based on multiple emotional index is established by multiple regression. It is defined the time series of multiple emotional index as: 0.2* 0.02* ( 0) t t t P t (6) where t P is a predicted emotional index through multiple regression in day t; μt and γt are defined in (5) . Finally, we normalize the time series of multiple emotional index similar to above the normalization process for time series of the closing price changes in (4) . Fig.4 (a) shows a scatter plot between the emotional index and the closing price changes. In fig.4 (a), we can see that with the increase of the emotional index, the closing price changes increases. After the correlation test, the correlation coefficient between emotional index and closing price changes is confirmed: 0.8041058. That is to say, the positive correlation between the emotional index and stock price fluctuation is significant. Beyond that, we make a comparison between the time series of emotional index and the time series of closing price changes. In fig.4(b) , we can also see that the emotional index has the same trend as the closing price changes.
III. DISCUSSION
In the past two decades, with the continuous development and progress of Chinese stock market, so far, China's Ashare market has 2535 listed companies. The value of total stock market is ranked third in world and the number of investors in Chinese stock market have exceeded 1 Billion [11] . In addition, more and more investors invest in Chinese stock market. At the same time, with the advent of the Internet and the era of large data, more and more investors express the views and attitudes towards the stock market by Internet [12] .
In this paper, we put forward a tentative idea: whether internet public opinion on stock market have a relationship on volatility of stock market or not [13] . We take advantage of the comment information and the closing price on Shanghai Composite Index during July 2016 to December 2016 to research the relationship between the emotional index and the closing price changes. By analysis, it is found that there is a strong interaction between the emotion index and the volatility of stock market.
In the meanwhile, we also compare the result with other researches. Some researchers have analyzed the relationship between mood from Twitter about Apple and Apple's stock price three months, and find that the correlation coefficient value between sentiment and stock price is 0.7955 [14] . Some researchers have analyzed the English posts and stock closing prices about eight stocks in the period of nine months, and find that the Twitter emotional time series is often correlated with the stock closing price time series [15] .
Based on the conclusions, we will further discover the relationship between the emotional index and the volatility of stock market in future. It is hope that the emotional index is predictable and it can provide an important reference for the future trend of the stock market prediction. Finally, we can try to avoid the risk of the stock market and provide effective policy for constitutor of relevant financial policy [16] .
